Background and Purpose-Studies suggest that women with stroke are investigated less aggressively and receive tissue plasminogen activator less frequently than men. We tested whether gender differences in the investigation, treatment, and outcome of stroke are due to confounding factors. Methods-Gender differences in the use of investigations, trial enrollment, treatment with intravenous tissue plasminogen activator, and in-hospital outcomes were examined in data from our prospective registry using multivariate analysis to adjust for age, prestroke functional status, stroke subtype and severity, and atrial fibrillation. Results-Of 2725 consecutive hospitalized patients (1996 to 2006), 88% had ischemic stroke and 48% were women.
S
ome studies of gender differences in the management of acute stroke have shown that women are investigated less thoroughly 1, 2 and treated less frequently with antiplatelet agents 3 and tissue plasminogen activator (tPA). 4, 5 The explanation for these findings is not clear but may relate to gender differences at presentation such as age, comorbidity, prestroke functional status, and stroke severity. Other studies, however, demonstrate no gender differences in the use of investigation or treatment with tPA or antiplatelet agents. 2, 6 Stroke incidence rates are lower for women across all age groups, 7 although women experience worse outcomes, 1, 3, 6 comprising 61% of stroke-related deaths in the United States. 8 Given these observations, we sought to determine among patients admitted to our stroke program whether there were any gender differences in the use of investigations, use of intravenous tPA, enrollment in clinical trials, and outcomes that were independent of confounding variables.
Methods
The acute stroke program based at the Halifax Infirmary, Queen Elizabeth II Health Sciences Centre has previously been described. 9 In brief, the Halifax Infirmary is a large (approximately 1000 beds) teaching hospital providing primary and secondary care for approximately 300 000 people and tertiary care for an additional 500 000. Longstanding local practice has been for emergency physicians to refer patients with acute neurological disorders to the on-call neurology team. The acute stroke program (directed by S.P.) provides inpatient care for patients admitted with a diagnosis of ischemic stroke (IS) or transient ischemic attack. Care is also provided for the majority of patients with intracerebral hemorrhage, ie, those who do not undergo neurosurgical treatment and those who require postoperative medical and rehabilitation therapy. Periodic surveys by the program coordinator before 2000 and continuous surveillance by a research assistant since then show that the program provides care for virtually all such patients.
Information about all patients admitted to the program is captured prospectively in a registry, 9 which includes data on stroke subtype (either hemorrhagic stroke or Oxfordshire Community Stroke Proj-ect ischemic stroke subtype, ie, total or partial anterior circulation stroke; posterior circulation stroke (POCS); lacunar stroke), 10 stroke severity (using a stroke severity score that grades severity as mild [1 to 4] moderate [5 to 7] , and severe [8 to 10] on the basis of symptoms, signs, and functional impairment), 11 location of stroke (infra-or supratentorial, left or right hemisphere) determined from cranial imaging (CT or MRI), prestroke functional status (Oxford handicap score, a measure of disability; 0 to 2 independent, 3 to 5 dependent), 12 patient-reported prior transient ischemic attack or stroke, electrocardiographic evidence of atrial fibrillation (AF), use of diagnostic investigations (eg, CT, MRI, echocardiography) and interdisciplinary services (eg, physiotherapy, occupational therapy), complications (eg, pneumonia), discharge disposition, Oxford handicap score, and Barthel Index (BI) 13 at discharge, and participation in research (clinical trials and other projects). An excellent outcome was defined as a discharge BI Ն95, and discharge independence defined as a discharge Oxford handicap score Յ2. From 2001 on (nϭ1503 of 2725 or 55% of patients), the following 4 predictive baseline variables derived from a 6 simple variable stroke model 14 were recorded in addition to age and prestroke functional status: living alone before stroke, verbal component of the Glasgow Coma Score, 15 being able to walk independently, and able lift both arms off the bed. This subgroup (ie, from 2001 on) was used to test whether the variable living alone or not before stroke affected the probability of receiving tPA or being enrolled in a clinical trial. Some patients with very severe strokes with or without multiple comorbidities resulting in a very poor prognosis received palliative care (comfort measures only).
In this study, we analyzed data pertaining to patients admitted because of IS or intracerebral hemorrhage between May 1996 (when we started using tPA) to February 2006. For all patients treated with intravenous tPA, chart review was performed to obtain additional data on medical history, blood pressure, and blood glucose level at presentation and the times of stroke onset, presentation to the emergency department, CT scan, and tPA administration. The Capital Health Research Ethics Board approved collection of the registry data without consent from each individual patient for the purposes of quality assurance and monitoring of practice.
Statistical Analysis
Descriptive statistics include means (SD) or median (interquartile range), and relative frequencies for continuous and categorical data, respectively. Continuous variables were compared using Student t test or Wilcoxon rank sum test. Chi-squared analyses were used to compare categorical data.
We compared stroke presentation (eg, stroke severity, subtype), use of investigation (eg, cranial imaging, Holter monitoring), intravenous tPA use, participation in research, and in-hospital outcomes between women and men. Multivariate logistic regression or general linear modeling was used to adjust for confounding factors identified in univariate analyses. These factors included age, prestroke functional status based on the Oxford handicap score, a history of AF, stroke severity, and Oxfordshire Community Stroke Project classification of stroke subtype. A probability value of Ͻ0.05 was considered statistically significant in the analyses. Gender was forced into the multivariate models regardless of statistical significance. Cases missing data for the variables of interest were excluded from the analyses. SAS software (SAS Institute Inc, version 9.1) was used for all analyses.
Results
Between May 1996 and February 2006, 2725 patients (1414 men, 1311 women; ratio 1.08) were admitted with a diagnosis of stroke (88% IS). Only 0.27% of data points were missing (range, 0% to 1.5% per variable), the majority (79%) relating to complications (pneumonia, deep venous thrombosis/pulmonary embolus, and urinary tract infection).
Women were older (Table 1 ) with a higher proportion aged Ն80 years compared with men (40% versus 18%, PϽ0.0001). The proportion of women with stroke aged Ն80 years increased from 35% in 1996 to 1997 to 48% in 2005 to 2006 (chi-square for an annual trend PϽ0.01, Figure) , whereas the proportion of men aged Ն80 years did not significantly increase (16% to 19%, Pϭ0.47) over the same period. There was no gender difference in the proportion of patients presenting to hospital within 3 hours of symptom recognition (39% versus 37% for women versus men).
Stroke Characteristics
In univariate analysis, women were more likely to live alone prestroke, have AF, TACS Oxfordshire Community Stroke Project subtype, and severe stroke (Table 1) . Women were less likely to be independent prestroke and less likely to have POCS Oxfordshire Community Stroke Project subtype or infratentorial stroke localization (IS and intracerebral hemorrhage). At the time of first medical assessment after stroke onset, women were less likely to have a normal verbal component of the Glasgow Coma Score, to be able to walk unaided, or lift both arms off the bed. In view of the baseline gender differences in stroke characteristics and demographics identified in univariate analysis, the following variables were considered, a priori, to be possible confounding variables: age, prestroke functional status (Oxford handicap score), AF, stroke severity, and Oxfordshire Community Stroke Project subtype. After adjustment for these 5 confounding variables, only the following gender differences in stroke characteristics remained significant: men more commonly had POCS subtype and infratentorial stroke localization and women were more commonly unable to walk unaided at the time of first medical assessment after stroke onset ( Table 2) .
Use of Investigations and Research Study Enrollment
There was no gender difference in the use of investigations (eg, CT, echocardiography) after adjustment for confounding variables (Tables 1 and 2 ). Men were more likely to be enrolled in a clinical trial (all trials of pharmacological agents), a finding that was independent of the 5 confounding variables. However, inclusion of the variable living alone or not prestroke (available in 55% of patients) in the multivariate analysis reduced the gender difference in likelihood of being enrolled in a trial (OR, 0.73; 95% CI, 0.45 to 1.29; Pϭ0.31). There was no gender difference in the proportion of patients enrolled in noninterventional studies, eg, the Registry of the Canadian Stroke Network. 9 There was no gender difference (women versus men) in the proportion of patients seen by occupational therapy (85% versus 85%), physiotherapy (83% versus 82%), social work (58% versus 56%), or speech-language pathology (56% versus 58%). 
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To examine whether living alone prestroke was a confounding variable for tPA use, we analyzed the subgroup of patients with IS from 2001 on for whom residential status was known (nϭ1305 
Outcomes and Complications After Stroke
There were several significant gender differences in outcomes in the univariate analyses (Table 1) ; however, after adjustment for age and other confounding variables, the only persisting gender difference in outcome was that an excellent outcome at hospital discharge (BI Ն95) was less likely for women (Table 2) . After adjusting for the 5 confounding variables, urinary tract infection was more common in women and pneumonia in men.
Discussion
The main findings of this study are that after adjustment for confounding variables, women were less likely to be treated with intravenous tPA, to be entered into a clinical trial, and to experience an excellent outcome. These differences are noteworthy given the rising proportion of women with stroke aged Ն80 years being admitted to our hospital over the last decade. The risk of stroke increases with age 7 and the proportion of the population in Nova Scotia aged Ն75 years is forecast to increase by 39% between 2001 and 2021. 16 Therefore, it may be anticipated that the healthcare system will have to manage an increasing number of elderly patients, particularly women, with disabling strokes that result in longer hospital stays, more complications, and an increased need for long-term institutional care. Our observation that men more commonly had a POCS subtype or infratentorial stroke localization is supported by a previous study demonstrating that men were more likely to present with cerebellar and brain stem symptoms and to have POCS than women. 6 Although AF is more common in women 13 and more frequently associated with anterior circulation IS, 17 adjusting for AF in our data did not abolish the higher proportion of posterior circulation strokes in men, suggesting that there is an alternative explanation for this observation.
We report no gender difference in the age-adjusted proportion of patients receiving investigations for stroke as seen in one study 6 but not others. 1, 2 We observed no gender difference in the majority of outcomes after adjusting for confounding variables. However, despite controlling for age, prestroke functional status, stroke subtype, AF, and stroke severity, women were less likely to have an excellent outcome (BI Ն95), confirming the findings of others. 1, 3, 6 Women were less likely to be discharged home and more likely discharged to a long-term care facility; however, these differences are less apparent after accounting for the confounding variables. The lower proportion of women being enrolled in clinical trials might be explained by exclusion criteria in many studies (eg, patients Ͼ80 years or who are dependent), producing selection bias toward men. However, adjusting for these variables did not negate the gender difference in trial enrollment. Adjusting for whether a patient lived alone prestroke did, however, reduce the gender difference in trial enrollment, suggesting the presence of a surrogate decision-maker (ie, relative/partner) increases the chance of being enrolled in a research study. The gender bias in clinical trials is well documented, 18 but effort is clearly required to design new pragmatic trials that are more relevant to the entire stroke population.
We demonstrate that men with IS are more likely to receive tPA than women even after adjustment for possible confounding variables. Several studies that provide data on the proportion of men and women in their total stroke population (thus allowing calculation of gender-specific likelihood of tPA use) show higher proportions of men receiving tPA compared with women. 4, 5, 19, 20 The US National Hospital Discharge Survey of almost 1 800 000 patients with IS showed that 0.41% of women and 0.86% of men were treated with tPA. 5 Men outnumbered women (3:2) in a European registry of more than 6000 tPA-treated patients 21 and in the randomized trials of tPA. 26 Also, some studies report that the likelihood of tPA treatment decreases with age and increases with stroke severity. 4, 22 Clinicians might be disinclined to use tPA in elderly patients (who are more commonly women) for several reasons, including the paucity of randomized evidence in the elderly, the prevalence of preexisting disability and cognitive impairment, and a reported higher risk of symptomatic intracranial hemorrhage. 23 Evidence from a self-administered survey suggests that women are less likely to consent to tPA therapy than men. 24 In our study, tPA was less frequently administered to women than men, even after adjustment for confounding variables, including living alone prestroke. Clearly, additional studies are required to further explain gender differences in the use of tPA.
We demonstrated that tPA-treated women tend to have longer CT to treatment times than men. Conceivably, there could have been increased deliberation over the balance of risk and benefit among frail, elderly women; however, this result persisted after adjustment for age and prestroke functional status. Given that there was no gender difference in "door to needle" tPA treatment times, the difference in CT to treatment time may be a chance finding. Against this explanation is the finding in another study 25 that women with stroke arriving in the emergency department waited significantly longer than men to see an emergency physician, but not a neurologist. It remains unclear whether the apparent gender differences in the use and timing of tPA are due to bias or to the influence of confounding variables that were not examined in our study. Because the benefit of tPA is time-dependent and women may receive more benefit from tPA than men, 26 it is imperative to expedite the administration of tPA to maximize its effect in both women and men.
We saw no gender difference in the involvement of the interdisciplinary team or in discharge destination after adjustment for baseline differences, as previously noted. 3 Although we did not record smoking use, the higher rate of poststroke pneumonia among men may relate to a higher prevalence of smoking and preexisting pulmonary disease. 1, 3, 6 Our study has somewhat limited generalizability given that it relates only to selected aspects of acute care in a single tertiary care center with specific stroke expertise. Other limitations of our study are that we did not have detailed data on comorbidity (eg, cognitive impairment), type of prestroke residence (eg, living in a care home), and contraindications to tPA use. Strengths of this study are high case ascertainment in a single hospital providing organized stroke care 9 and prospective data collection over a decade.
In summary, we highlight the rising proportion of elderly women hospitalized because of stroke. After adjusting for confounding variables, we show that women were less likely to have an excellent outcome, were less likely to be entered into a clinical trial, and less likely to be treated with tPA. The reasons for lower tPA use in women requires further study, but the observation may be explained, at least in part, by a gender difference in the likelihood to consent to treatment.
